Calden (Prosopis caldenia) seeds not dispersed by animals sometimes constitute a considerable number of seeds to the seed bank which may contribute to the species' dissemination. The monthly change in the number of viable non-animal dispersed seeds was evaluated over a one-year period. We determined the percentage germination of seeds and the amount of predation by bruchid beetles to learn how these factors iniluence seed longevity. Forty eight bags containing 10 fruits were placed in 4 sites below calden tree canopies at the time of shedding (March). To monitor seed losses we randomly removed 1 bag per site every 25-35 days during a year. At the time of shedding, fruits contained 29 seeds, 73 + 5.0% which were viable and 9 + 2.2% attacked by bruchids. Viability decreased to 33 + 22.3 % one year later. Loss of viability was described by a polynomial quadratic & = 70.12 + 0.0238 t-0.0004 t2 (?= 0.62)). Bags with germinated seeds were observed beginning in November. Percentage germinated seed increased 4.8 rf: 3.7% in the last month of sampling. Consumption of seeds by bruchids also increased in November, but the effect was highly variable. In the last month of sampling (March in the following year), 35 + 18.0% of seeds were affected by bruchids. A predictive seed longevity model was developed considering climatic variables, but data were well described only until January (y = 81.50-0.097 time-3.94 precipitation (rr = 0.66)). Undispersed seeds had a high rate of decay and low germination. Longevity was strongly affected by bruchid attack.
Calden (Prosopis cukfeniu) is the primary woody plant in the xerophytic savanna woodland in central Argentina. From its pod and seed characteristics the species seems to be adapted for animal dispersal. The indehiscent fruit of P. culdenia is formed by a colored exocarp, a spongy mesocarp that usually is sweet and nutritious, and a hard endocarp. At maturity seeds have a hard coat that delays germination, moreover they remain inside the Authors thank N. Winzer and R. Camina for their statistical analysis assistencq C Cabeza, L. Branch and A. Kin for their assistence and critical review of a draft of the maruscript.
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cavity in the endocarp until the degradation of the endocarp The fruit of calden is palatable to wildlife and domestic livestock; the latter have been observed to consume them in large quantities (Peinetti et al. 1992) . Cattle apparently increased the dissemination of calden seeds and consequently the density of this tree species has risen in the last century (Koutche and Carmenlich 1936, INTA 1980) . Unconsumed fruit also may contribute to species dissemination. Knowledge of the dynamics of unconsumed seed is important to elucidate dissemination strategies in calden.
Seed loss on the soil surface is generally due to germination, removal by predators and attack by micro-organisms (Spitters 1989) . The most important seed predators, in terms of number of species and individuals, documented for the genus Prosopis are beetles in the family Bruchidae (Kingsolver et al. 1977; Janzen 1969) . This family includes species that are specialized on only a few genera, including Prosopis. We evaluated the relative importance of predation by bruchids and germination as a cause of loss of unconsumed seeds in the soil bank of calden. In addition, we related the rate of loss of viable seeds in the soil to climatic conditions.
Materials and Methods
Between March 1990 and March 1991 we studied the longevity of calden seeds in an open forest located at Colonia Lagos site (64"3O'W, 36"32'S >. During the fruit shedding period, in March 1990, we collected 480 calden fruits according to the following criteria: (a) a minimum 10 cm length, (b) presence of seeds verified by shaking fruit, (c) no more than 2 bruchid holes. Fruit selection reduced the scope of the experiment and area of extrapolation, but also reduced experimental error due to differences in the number of seeds per fruit (including fruit with no seeds), and to large differences in bruchid infectation levels.
Ten fruits were placed in wire bags (12 x 20 cm) of I-mm mesh; each bag contained fruits of similar shape and size. In a 1 ha area fenced to exclude cattle, we established 4 sites under different trees. Sites were on the north site of trees and under the canopy in the area of fruit shedding. We placed 12 bags at each site to monitor seed loss. Approximately every 25-35 days between March 1990 and March 1991 we randomly removed 1 bag per site and stored the seeds at 5°C until they were processed.
We recorded the following: 1) number of pod segments and seeds, 2) number of seeds germinated in situ, 3) number of viable seeds, 4) number of unviable seeds, 5) number of seeds consumed by bruchids. Seeds were separated from the pods and checked for germination. To determine viability, seeds were scarified and placed in a petri dish with distilled water. These seeds were rechecked for germination after 12 hours. Any remaining ungerminated seeds were cut and treated with 2,3,5 Triphenyltetrazolium chloride for viability testing. Seeds were visually checked for bruchids at the time of scarification and after staining. Very small larvae were not detected by this method. Seed viability, seed predation, and germinated seed were expressed as a percentage of the total pod segment per fruit.
Daily temperature and precipitation were obtained from the agricultural experimental station of the Universidad National de La Pampa, 16 km from the study site. Climatological data were averaged for each 25-35 day sampling period. A linear multiple regression analysis was used to fit the percentage of viable seeds as a function of time (day) and weather conditions (temperature and precipitation).
Results
Fruits longer than 10 cm contained 29 + 0.6 (mean -t S.D.) Germinated seeds were observed in periods beginning seeds of which 72.X + 5% were viable at the time of fruit shedding. Viability decreased to approximately 33 f 22.3% one year later. The relationship between percent of viable seeds and time (t) was not linear even after Probit transformation (Ellis and Robert, 1980 ). Data were best described by the following polynomial quadratic equation: y = 70.12 + 0.0238 t-O.0004 t? (?= 0.62) (Fig. 1) . The standard deviation increased in later sampling dates but the site effect was not significant (p = 0.59). October-November (Fig. 2) . The average percentage germination for this period was 2.4 f. 4.38%. Exact dates of germination could each sampling period. Both variables decreased until the late winter (August). Starting from this point variables increased (but not regularly) mainly in the case of precipitation. High rainfall occurred in October-November and January-February. In contrast, February-March had low values. A linear multiple regression applied to predict viability as a function of time and climatic factors over the whole period of sampling showed anomalous data in February-March (high residual). An adequate fit was obtained when the period of time was reduced to January-February (p I 0.0001). The regresion equations were selectionated using the stepwise regression technique (Gomez and Gomez, 1984) . The model selectionated has 2 term time and precipitation (y = 81.50-0.097 * time-3.94 * precipitation; rZ = 0.664) and shows a good fit considering the residuals
Discussion and Conclusion
The mean number of seeds per fruit reported by Solbrig and Cantino (1975) for 377 fruits of calden was 19.2, with 62.3% of the seeds viable and 15.9% of seeds attacked by bruchids. The number of seeds per fruit was lower than in our study; viability was similar; and the level of infestation by bruchids was almost twice as high as in our study. It is possible that our selection of fruit overestimated the number of seeds per fruits due to sample restrictions, or a high intraspecific variability may exist in the number of seeds per fruit (Harper et al. 1970) Linear equations for predicting seed longevity in a storage environment (Ellis and Robert 1980) do not appear to be adequate for field conditions since seed losses due to germination and predation change the potential seed longevity. If the polynomial quadratic seed longevity model were valid for a period of time longer than a year, calden seed viability in soil would be no longer than 2 years. However germination is not as important a cause of seed bank depletion as in other species (Murdoch and Ellis 1992). Probably, when environmental conditions were adequate for germination (Pelaez et al. 1992; Peinetti et al. 1993) , most seeds were non-viable or non-scarified. Temperature probably inhibits calden germination during the winter. After October when the temperature has risen, moisture would be the main environmental factor determining germination. Mesquite (Prosopis glandulosu) seed temperature regulates efficient use of water for germination (Scifres and Brock 1971) . Spring temperatures are high enough for germination, but moisture is usually inadequate (Tschirley and Martin 1960) . Germination of 35% in pod segments of mesquite occurred during the first summer rainy season after planting (Glendening and Paulsen 1955) . Seed mortality was strongly related to bruchid activity. Development of bruchid larvae is affected by temperature. Howe and Currie (1964) found for several species of beetles that the optimum conditions for rapid development are around 30" C and between 70 and 80% humidity. Moreover adults emerged in a temperature range of 15°C to 37.5" C. Adult weevils spend the winter either in seeds (as pupae or adult) or in litter on the ground, emerging during late spring in time for ovipositing on new green pods (Glendening and Paulsen 1955; Kingsolver 1977) . On the other hand bruchids reinfest the indehiscent pods of many species of legumes in the field (Janzen 1969) . In P. culdenia reinfection apparently occurs since October and causes a great increase in seed mortality.
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The dynamics and resilience of semi-arid ecosystems, particulary savannas, can be significantly affected by herbivores, both vertebrates and invertebrates (Bucher 1987) . However, explanations of plant distribution and abundance rarely consider the importance of herbivores, concentrating instead on physical factors, such as climate and soil (McNaughton 1983) . Studies of seeds dispersed by animals only consider the short term effects of ingestion on seed survival and germination rate. Long term effects like changes in seed longevity have not been reported. Calden seeds not dispersed by animals persist for only a short time in the seed bank. It is not known if animal-dispersed seeds persist longer. We hypothesize that dipersal favours seed longevity. First, when seeds are dispersed by animals such as cattle or wildlife, the passage through the intestinal tract may eliminate the bruchid population and thus prevent reinfection by bruchids during spring (Miller 1993) . Second, as a consequence of consumption by cattle, P. caldenia seeds are separated from the endocarp (Peinetti et al. 1993) . Seeds may smell less attractive to the beetles in this state (Miller 1993) . Janzen (1972) found that seeds naturally husked by rodents had been found to suffer 77% mortality from bruchids. Finally, dispersers carry seeds to an area where specialist seed predators are likely to be less numerous (Crawley 1983) . These effects probably are more important than the increase in germination observed inmediately after consumption (Debussche 1985; Peinetti et al. 1993) .
A predictive model constructed with microclimatic variables would probably have a higher regression coefficient than one produced from macroclimatic data, but the latter generally are more widely available. It is important to note that the precipitation data used in our models were means for periods approximately equal to a month. Shorter or longer periods could affect the model. Although the validity of the predictive equation should be tested with other independent data, an improved equation could be constructed taking into account variation in the bruchid infection rate at the time of fruit shedding.
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